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Abstract 
 In November 2009, April 2010, July 2010, October 2010, at a fixed-station of the Jiaozhou Bay, the gaseous element 
mercury which emitted from seawater was captured by dynamic flux chamber (DFC), together with double gold 
amalgam coupled technique to measure the mercury emission flux. Results showed that the mercury emission fluxes 
at sea/air interface were -0.78~1.72ng/(m2 ·h) in November 2009, -0.24~1.32ng/(m2 ·h) in April 2010, -
0.46~2.21ng/(m2 ·h) in July 2010, -0.15~2.18ng/(m2 ·h) in October 2010 respectively. In the Jiaozhou Bay, the 
mercury emitted from sea to air during the day, and was higher in summer and autumn than that in spring and winter. 
In winter, the mercury emission flux appeared the character of diurnal variance, with the highest value at noon. But in 
summer and autumn, the highest value appeared at the end of ebb tide due to tidal action. The main environment 
factor affecting the mercury emission flux at sea/air interface was light intensity. The influence of the tidal movement 
on the mercury emission flux was different in different seasons. 
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1. Introduction 
Hg0 is the main form of mercury in the atmosphere (accounting for more than 90% of the total gaseous 
mercury) [1] in the environment, and the transport and evolution of Hg0 had become a hot spot in the 
study of mercury pollution. Many scholars at home and abroad researched for total mercury exchange 
flux between different interfaces and influence factors. Lindberg [2], Gardfeldt [3] and Wangberg [4] did 
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some researches in the USA, Mediterranean, Baltic, respectively. Shetty [5] also started to estimate 
mercury emission in East Asia region under natural conditions using gaseous exchange model in recent 
years. In the end of 20th century, Feng [6, 7] had already measured exchange flux of gaseous total 
mercury at natural water (the river and the sea)/air interface in the Southwestern Sweden, but the most of 
study of Feng was about gaseous total mercury exchange flux over soil at Red Maple Lake area and 
mercury mines area in Guizhou Province [8-11]. By now the researches on mercury emission from water 
almost aimed at exchange flux in the lakes and reservoirs [12-15]. Recently Ci [16] had discussed sea/air 
exchange flux of mercury using interface gas exchange model in Yellow Sea, but there was no research 
on the mercury exchange flux over sea water by dynamic flux chamber (DFC). And marine area which 
accounts for 70% of the earth surface is a huge source or sink of mercury, so the research on sea/air 
exchange flux of mercury has an important contribution to the study of the mercury biogeochemical 
cycles. 
Jiaozhou bay is a typical half closed and shallow water bay in western south of Shandong peninsula 
and surrounded by Qingdao. The research on mercury emission from sea in Jiaozhou bay would provide 
certain data for domestic research on sea/air exchange flux of mercury, also provide the basis for 
estimating the annual amount of mercury emission of Jiaozhou bay, and lay the foundation for 
researching mercury emission mechanism. 
2. Materials and methods 
2.1. Samples collection 
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Fig.1. The sampling point in the Jiaozhou Bay 
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Sea/air exchange flux of Mercury was measured twice every hour On 19 November 2009, 30 April 
2010, 29 July 2010, 23 October 2010 at a fixed-station of Jiaozhou bay, respectively. According to the 
situation of the heavy metal pollution in Jiaozhou bay, and the research was based on natural state, so we 
sampled in the sea area which was artificially low interference and polluted slightly. Sampling location 
distribution was shown as figure 1. 
At the same time the meteorological data (wind speed, the direction of the wind, the atmospheric 
temperature, etc) were recorded. 
 
2.2. The determination method of exchange flux  
There are three ways of measuring water/air exchange flux of mercury [2]: the first is gas exchange 
model which based on TGM (total gaseous mercury) and DGM (dissolved gaseous mercury) and 
parameters such as wind speed and water temperature; The second is micrometeorological technology; 
And the dynamic flux chamber method adopted by this paper is widely applied by international scholars 
recently to measure sea/air exchange flux of mercury. The quartz flux chamber with underside open was 
half cylindrical (0.4 m × 0.2 m × 0.2 m, long × wide × cylindrical diameter), supported by aluminum 
frame. The polyfoam was parcelled by polyethylene film and then fixed on the aluminum frame to make 
flux chamber float on the surface of sea. Samples were collected every 20 minutes. The blank value of 
quartz flux chamber was extremely low, so it could be ignored. 
The formula for measuring mercury exchange flux by dynamic flux chamber is:  
F = (C0-Ci) Q/A                                                                                                                                   (1) 
F: mercury exchange flux, ng/(m2·h); C0: mercury content of outlet gas of the flux chamber, ng/m3; Ci: 
mercury content of inlet gas of the flux chamber, ng/m3; Q: the air flow inside flux chamber, m3/h; A: the 
bottom area of flux chamber, m2. 
3. The results and discussion 
3.1. The diurnal variation of mercury exchange flux and influencing factors 
The measured results of sea/air exchange fluxes of mercury in Jiaozhou bay were: -0.78~1.72ng/(m2·h) 
in November 2009; -0.24~1.32ng/(m2·h) in April 2010; 0.46~2.21ng/(m2·h) in July 2010; -
0.15~2.18ng/(m2·h) in October 2010. From the results we could find that mercury was emitted from sea to 
air in Jiaozhou bay. But mercury deposition from air to sea appeared at night. Compared to the other sea 
areas (table 1), we could see that the mercury emission flux in Jiaozhou bay was similar to that in 
Southwestern Sweden, Mediterranean and Yellow Sea, but lower than that in Baltic Sea and North Sea. 
Tab.1. The comparison of mercury emission flux between Jiaozhou bay and other sea areas 
Site Time F  ng/(m2·h) Method Source 
 
Jiaozhou Bay 
daytime 2009.11 
daytime 2010.04  
daytime 2010.07  
daytime 2010.10  
0.26 DFC 
DFC 
DFC 
DFC 
This study 
This study 
This study 
0.42 
1.03 
0.95 
Baltic summer 1997 38 GEM 
 
Ingvar Wangberg [2] 
winter 1998 20 
Southwestern Sweden summer 1997  0.61 DFC Feng [7] 
Mediterranean summer 1998  -0.2-10.1 FC Ferrara [17] 
North Sea 1991.7 22-44 GEM Coquery [24] 
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Yellow Sea 
autumn 2008 0.89±1.84  
GEM 
 
Ci [16] winter 2009  -0.06±0.64 
spring 2009 0.32±0.71 
summer 2009  0.88±1.38 
 
The maximum mercury emission flux of the Jiaozhou bay appeared in the day, the flux at nightfall was 
lower due to the light intensity mainly. And the conclusion was consistent with that reached by Ferrara 
[17] and Andersson [18] who adopted dynamic flux chamber to measure sea/air exchange flux of mercury 
in Mediterranean Sea respectively. But the site of this article was coastal, the mercury emission flux not 
only was relevant to light intensity obviously but also was closely linked to tidal variations. In summer 
and autumn, the maximum value appeared at the end of ebb tide due to tidal action. 
Other environmental factors also affected the measurement of mercury emission flux. Some examples 
would be shown. For example, mercury deposition from air to sea appeared at 11:40 in April, at 17:10 in 
July and at 08:38 in October, respectively. Probably because there were ships passing around sampling 
station at this time to make the suspended particles material become more. Castelle [19] also concluded 
that sea/air exchange flux of mercury had a negative correlation with suspended particles material (SPM) 
in Gironde River. But mercury deposition appeared at 10:52 in July, which maybe was due to the 
appearance of Enteromorpha prolifera. An abundance of Enteromorpha prolifera covering on the sea can 
greatly reduce the light intensity which reached the surface of sea, so sea temperature and the turbulence 
coefficient of critical plane between sea water and air decreased. Thus the appearance of Enteromorpha 
prolifera reduced mercury emission flux from sea, even lead to mercury deposition. 
3.2. The seasonal changes of mercury emission flux and influencing factors 
Mercury was emitted from sea to air during the day in spring, summer, autumn, winter, and sea/air 
exchange flux of mercury in summer and autumn was higher than that in spring and winter in Jiaozhou 
bay. Wangberg [2] estimated sea/air exchange flux of mercury using TGM and DGM data in the Baltic 
Sea and came to this conclusion. And Kuss[20] also reached the same conclusion in Baltic Sea. In China, 
Feng[9] researched the sea/air exchange flux of mercury in cold season and warm season at Red Maple 
Lake area in Guizhou, his results showed that mercury emission flux from soil to air in warm season was 
far higher than that in cold season. It was probably because light intensity was strong in summer and 
water temperature was higher than that in winter. And with the rising of water temperature, gas solubility 
decreased to make mercury emit from seawater to air and aggravate water/air exchange of gaseous 
mercury. In addition, DOC influenced the generation of DGM and then affected seawater mercury 
emission flux. DOM restrained mercury emission from water in indoor simulation experiment [13], but 
when DOC level was higher than 2.5 mg/L, Hg0 production rate would be lower, so DOC promoted Hg0 
production [21]. In our study mercury emission condition was not related with DOC concentration when 
DOC concentration was from 1.5 to 2.5 mg/L. This was similar to the results for freshwater lake [22]. 
The maximum value of mercury emission flux appeared at 14:40 in April, 13:00 in July, 09:35 in 
October, 11:10 around in November, respectively (Fig. 2). 
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Fig.2. The mercury emission flux at sea/air interface in Jiaozhou bay  
It could be concluded that mercury emission present diurnal variation, the highest value appeared at 
noon in winter and highest value appear at the end of ebb tide due to tidal action in summer and autumn. 
It was because that summer was the rain season, river input was the main pollution sources. An 
abundance of precipitation took land-sourced pollutants to the coastal by river flush. Mercury content in 
the sea increased, because the tidal action at the end of ebb tide made land-sourced pollutants such as 
industrial wastewater and life wastewater taken into the sea. Gaseous mercury at air/water interface had a 
dynamic exchange process due to the concentration gradient between two phases, and then gaseous 
mercury concentrations achieved the balance between two phases. Exchange process included emission 
from seawater to air and the deposition from air to sea. And the gaseous mercury exchange direction and 
exchange flux was decided by the direction and the value of concentration gradient. Because of the high 
concentration gradient between sea water and gas at the end of ebb tide [24], mercury emission flux from 
sea to air was high. So the maximum mercury emission flux from sea appeared at the end of ebb tide. 
4. Conclusion 
(1) Mercury emission fluxes during the day in four seasons in Jiaozhou bay were: -0.78~1.72ng/(m2·h) 
in November 2009; -0.24 ~ 1.32ng/(m2·h) in April 2010; 0.46 ~ 2.21ng/(m2·h) in July 2010; -0.15 ~ 
2.18ng/(m2·h) in October 2010. Mercury emission from sea to air appeared in Jiaozhou bay, but mercury 
deposition from air to sea appeared at night. The mercury emission flux was similar to that in Southwest 
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Sweden, Yellow Sea and Mediterranean, but lower than that in the Baltic Sea and the North Sea. Besides 
light intensity, other environmental factors such as hull movement and the appearance of Enteromorpha 
prolifera also affected the mercury emission flux. 
(2) Mercury emission flux from sea in summer and autumn was higher than that in spring and winter in 
Jiaozhou bay. The main influence factor of sea/air exchange flux of mercury was light intensity. DOC 
concentration had no correlation with mercury exchange flux. In addition, tidal movement played a 
different role in mercury emission flux in different seasons. 
(3) The mechanism of mercury emission from water surface to air will be further researched, such as 
transformation of different mercury species during mercury emission in sea. 
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